
AD-A 197 720 PETTO A ort" ApprnovedDOCUMETTO PAGs QMo. O7~Qf8

0 N~V~t ~~.Un~I ~ k. .. '~ b RES ICTIVE MARK1114S
in c la ss if ie d 

. - T BU TO /A A L B L T P R P R
2a. SECURITY CLASSIFICATION AUTfI43el~ - C - I I OIST U1NAALBLT ~RP

r~.~ F Dist ibution unlimited - approvad for
2b ELASSIFIC.AIIN I / OWNGRAQ11 VHIU pubi i release

k PERF~ORMING ORGANIZATION REP PwNUMBER~,# S. MVONi ORING ORGANIZATION REPORT NUMBER(S)

6* NAME OF PERFORMING ORGANIZATION 6b OFFICE SYMBOL [77:0. NAM Of MONITORING ORGANIZArION

.. Arn?/ Medlical Research U.S. kiry Medical Re~search and 1)evelopnernt
6c. ADORE ý$ (City, $tate, and IP Code) bA) E SS (city, Sutoe "l ip, Code)

F'ort Dorick, F~redericýk, MD 21701-5011 Fort Lk-trick, Frrederick, ME) 21701-5012

l1k. NAME Of FUNDING/ SPONSORING 8b, OFFiCi SYMS.AL 9 PROCt REMENIT INSTRI IMfNT IDENTiFICATION NIJMULR

k~. ADORE 5S (Cdy, State, "n ZIP Code) 1050 W O UNIN NMBR

PqOJ&CT TASK -kL Ni ?
ELEMEN NO N N A0O Q

W! h~ E (hIruiv SOCurtfy CIAMsazJfieror
1nnfrwrl('*k-ect ion rit T-2 MetaW1 it.LS in R~at Urine's After Dermal, Oral1, or Intraftiscular

xjx!%)'Thre to 'r-2 rojxin
12 PERSONAL AUTHOR(S)
)-h.n F. fk-ý,xet son, RtktA'rt- W. Wainnuroicher, Jr. , ar)( R tkrt- J . Hilw ~y

)e TP~ F REORTI ib TE(VE 14 DATE OF REPORT (Year. A000ot Dar) is PAGE cou~t
1trIi FROM to 25 JIly 19838 21

16 SUPPLEMENTARY NOTATION

17 WWAI CODES 10 SU~IECT TERMS (Coo'""nu fvrlt it no ores erod ,isentdty 4p bd~ok 'murnb.e),

FIEID~~~~ T~U'iTZRtP ~ 2 -2 M-ti1tx)1 iti EHIA, kIA, or al, 04-niu1

19 ABSTRtACT CotIrWO on reverle of ntwIU~y and odntdy by bioc4 muvwbe,)

1-2 t eu in Tvtabl1ites Io-ru (1i-tet~ctd in rat urin.Qi LP, 0, 2 ý0,k at tLl tilt 'Iil'Als, tXpo.ýikirt
Lu Iuhlt ta ose uT -2 toxi n. firines were "tsayteI ol HIi-2 or T-2 Lt!Lr iol ty

Ii~fiiOvfIlhjfvkiI3Iii' (HZA) withI VUIyclo)adl ifltlbAxly. Stv~i iti vity oit tiwe RIA was~ 5 rý'j :it tor
tiT-2 *.iry 1)0 ruj/in1 for 'j'-2 tutrao I. Suit) urines wero -iy il rl J 1jr. I21 Witj LII1d
I I iik,,-ýji viui ou rt ox-ýen t &i ssay (kA kve I opei Ito0r T- 2 iLt~h * ITf10k), -- 1 111, I. Ln i hk)ily LI. Crt.
t,ýu.fdts with Irf-2. Ili ý;rusiit vi ty of the' tLISA tor (1at~ecti(1xi ot tt [-2 it, rtL -, rii &~ wds 2L)t

Vml . s Ij z ý*ru dxilut&- 1:2 or 1:5to t. 1 oirnilnato h ,jh crJliI ,wICu (42Ii)ii
i i jx)-iit.1vft¶3 in Ltie r-2 Lettciol HIA rtli t'1.1,'- aiisq. 1-2 or it3 iiKti;Ax jt usi tkl 1to
:ýtocft-%i up txo '#6 hrsi att r anl un xInjOCtil OX oT -2 t~o in. i111 IJiS., tIx~jx&.ik oý1 iij, :u

'-rtal ly, iIn/t j1))ito s wn-S e dletuicti" up to 10) or lb d~'ys, *~ot v~l, '-2euvIe.~
Iyy Oile EL[:L3A (.nrrulatod with Lbe 111-2 ur lrr-,ý-Iikir ht~nIAs te~ctx hy Ik1A.

i~;I~ CI~ TONA'AAS 1YOF ABSTRACT 11 AWl ACT ýL( 'liT'? (LAýS-F4'AtiON

C1YNI f AýSVF'DI Nt MITts D AM s As, III r U" cSRs

fiD iorrn 1473, JUN 86 Pr(zeJon.eb~o.Iet I "' t~lf, 11 '



U S

IMMUNODETECTION OF T-2 METAB LITES IN PAT URINES AFTER

DERMAL. ORAL. OR INTRAMUSCULkR EXPOSURE TO T-2 TOXIN

JOHN F. HEWETSON*. ROBER W. WANNEMACHER, Jr.*.

AND ROBE r J. HAWLEYt

*United States Army Medical Research Inst ute of nfectious Diseases, and

t United States Army Medical Materiel Det. lopment Activity, Fort Detrick,

Frederick. MD 217 1-5011

Running Title: T- 2 METABOL 'ES INRAT URINES

Corresponding Author: J3hn F. Hewets n

Pathophysiolojiy Di-vision
USAMRIID., Ft. Detrick....- ... ....

Frederick. MD 21701-5001

(301)663-7181



Immunodetection of T-2 Metabolites in Rat Urines after Dermal, Oral, or

Intramuscular Exposure to T-2 Toxin. Hewetson. J.F., Wannemacher., R.W.

Jr.. and Hawley. R.J. (1988). Fundam. AppL ToxtoL --.- -T-2 toxin

metabolites were detected in rat urines up to 2 weeks after the animals'

exposure to sublethal dose of T-2 toxin. Urines were assayed for HT-2 or T-2

tetraol by radioimmunoassay (RA) with polyclonal antibody. Sensitivity of the

RIA was 5 ng/ml for HT-2 and 50 ng/ml for T-2 tetraol. Some urines were

assayed in parallel with an enzyme-linked immunosorbent assay (ELISA)

developed for T-2 with a ir.onoclonal antibody that cross reacts with HT-2.

The sensitivity of the ELISA for detection of HT- 2 in rat urines was 250

ng/ml. Urines weie diluted 1:2 or 1:5 to eliminate high backgrounds, which

appeared as false positives in the T-2 tetraol RIA and ELISA assays. T-2 or its

metabolites could be detected up to 96 hr after an im Injection of T-2 toxin.

In rats exposed orally or dermally, metabolites were detected up to 10 or 16

days. respectively."T-2 equivalents" detected by the ELISA CO'related with

the HT-2- or HT-2-1ike compounds detected by RIA.
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The presence of T-2 toxin in contaminated grain (Chung. et al. 1974; I
Ellison and Kotsonis 1973; Hsu, et al. 1972: Jemmali. et al. 1978; Mirocha,
et al. 1979; Romer. et aL 1978) and its reported use as a biological warfare
weapon in Southeast Asia and Afghanistan (Mirocha, et aL 1983; Watson, et
al. 1984) has generated many studies on the detection of T-2 by mass
spect rometry (Mirocha. et al. 1983). high pressure liquid chromatography

(Stack and Eppley 1980) thin layer chromatography (Pace 1986; Takeda

1979), bioassay (Sukroongreung 1984; Sukroongreung, et aL 1984a: Chung.

et aL 1974) and immunoassay techniques (Fan, et aL 1984: Fontelo. et al.
1983: Chu 1986: Pestka, et al. 198 1; Peters. et al. 1982). Studies carried out

with tritiated toxin show that T-2 is rapidly metabolized to HT-2 and T-2

tetraol and the parent compound is not present in urines of exposed guinea
pigs (Pace. et al. 1985: Pace. et al. 1985a) and monkeys (Mereish, et al.
1987). Radio-labeled toxins are appropriate for laboratory studies, but not

useful for evaluation of natural exposure. Several conventional immunoassay

techniques based on tritiated ligands (Fontelo. et al. 1983; Lee and Chu
1981. 1981a) and enzymes conjugated to ligands or antibodies (Fan, et al.
1984; Gendloff, et aL 1984; Pestka. et aL 1981; Peters. et al. 1982) have

formed the basis of most of the efforts for rapid detection both in

environmental samples and biological fluids. Cross reactivitles occur and are 1
exploited to broaden the number of substances that a given assay can detect.
Therefore, each assay must be standardized for a particular substance and all

known cross reactivitles investigated before it can be stated with certainty

what ispresent in an unknown sample. The previous studies have used
spiked samples of urine or blood to demonstrate the feasibility ot such

procedures and often have had problems with background and non-specific

reactions (Fan. et aL 1984: Lee and Chu 1981). In order to demonstrate the
practical feasibility of confirming an environmental exposure to T-2 toxin.

we evaluated two assays for the detection of T-2 metabolites in rat urines.

These studies were compatible with an evaluation of accidental or N14

intentional environmental exposure. Three routes of exposure were used

and the kinetics of excretion evaluated.

0
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METHODS

Toxin. T-2 toxin was obtained from Myco Labs. Inc.. Chesterfield, Missouri.

Polyclonal antlseram Antibodies to HT-2 were raised by conjugating the

molecule to bovine serum albumin and immunizing rabbits or goats (Fan. et

al. 1987; Chu 1986). Antibodies to T-2 tetraol were produced in rabbits by

first conjugating T-2 tetraol to sheep gamma globulin. The resulting

antibodies were titrated against the homologous labeled ligand for optimal

reactivity in an RIA. HT-2 antisera were supplied by Dr. Chu, University of

Wisconsin (Fan, et al. 1987) and T-2 tetraol antisera were produced and

supplied by Bio-Metric Systems. Inc.. Eden Prairie. Minnesota. N
Monoclonai antibody. A monoclonal antibody to T-2 (15H6) was originally

developed by Dr. Ken Hunter at the Uniformed Services University of the

Health Sciences. Bethesda. Maryland. (Hunter, et aL 1985). Quantities of this

rnonoclone as IgG-purified ascites fluid were produced by Charles River

Biotechnical Service. Inc. Wilmington. Massachusetts. The antibody was

titrated in the RIA against homologous ligand for optimal reactivity.

Radiolmmunoassay. A standard RIA was used as previously described

(Fontelo. et al 1983) with slight modifications. 100 p±l of sample, 50 pl of
3 H-ligand (20.000 dpm). and 50 0l of diluted antibody were combined and

incubated at room temperature for 1 hr. Ammonium sulfate (250 p1. 76%)

was added, the tubes incubated for 1 hr, and centrifuged at 3000 rpm in an

International Model PR6 centrifuge. Supernatants were counted for

radioactivity and the amount of toxin present in the samples determined

from standard curves run in phosphate buffered saline (PBS). Normal

urines were included in all assays as a control for nonspecific

binding.

I Dr. Chu and Blo-Metric Systems are under contract with the U. S. Army.
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Enzyme-Linked Immunosorbent assay. An ELISA test kit selected as

the best prototype for detection of T-2 in environmental and biological

samples, consisted of a standard competitive ELISA with T-2 adsorbed onto

the surface of plastic plates. Unknown sample plus monoclonal T-2 antibody

conjugated to horseradish peroxidase were added to the wells and

incubated. After 2 hr, wells were washed and 2,2'Azinobis(3- ethylbenz-

thiazoline sulfonic acid) (ABTS) substrate added. The absence of color

indicated a positive reaction, that is, presence of tcxin. The results

were read as a + or - by comparison to controls included in each assay.

Animals. Fisher F344 rats (250-400g) from Charles River, Wilmington,

Massachusetts.were used for all studies. Rats were housed in plastic

metabolh. cages (Nalgene. Inc. Rochester, N.Y.) with free access to food and

water. Urine and feces were collected daily and stored at 4"C.

Experimental design. Three groups of rats were exposed to T-2 toxin

either im, orally, or dermally. Group I received 0.5 mg/kg. im in PBS by
injection in the thigh muscle. Group 2 was fasted 24 hr before receiving an

oral dose of 2 mg/kg T-2 in propylene glycol by inoculation with a 23-gauge.
3-in. intubation needle attached to a I ml syringe. Group 3 animals were

shaved with electric clippers and 24 hr later, 0. 1 ml of the toxin (0.5 or

1.0 mg/kg) in dimethylsulfoxide was applied to a 4 x 4 cm2 area on the

shaved skin. A jacketed barrier was applied over the application site, as

described previously (Wannemacher. et al. 1985). Controls of carrier only
were included in all groups.

5 1



RESULTS

Titration of Antisera

Both polyclonal sera and 15H6 monoclonal anti-sera had good reactivity

against the homologous ligand in the RIA (data not shown). Based on 50%

binding, dilution of the antisera selected for further studies was 1:25, 1:20,

and 1:35 for T-2, HT-2 and T-2 tetraol, respectively. Cross reactivities with

related mycotoxins were determined to show the specificity of each

antiserum. Anti-T-2 showed complete cross reactivity with HT-2 as also'

shown by Hunter (Hunter, et al. 1985), and no cross reactivity with T-2

tetraol. Anti HT-2 was 30% cross reactive with T-2 and unreactive with T-2

tetraol. Anti-T-2 tetraol did not cross react with T-2, but was 300/6 cross

reactive with HT-2. p

False Positive Reactions and Toxin Detection Limits

Previous studies showed that individual normal urines exhibited false ,

positive reactions in the T-2 tetraol RIA (Hewetson. unpublished). The false

positive reaction was eliminated by diluting the urine 1:2. Therefore, the

detection'limit of T-2 tetraol in urine was defined at a 1:2 dilution as the

bound/free (B/F) value that was greater than 2 standard errors from the B/F

value of a group of 20 control urines diluted 1:2. The same definition applied

to HT-2 detection, except that undiluted urines were assayed with no false

positive reactions. Detection limits for each of the toxins was 5 ng/ml for

HT-2 and 50 ng/ml for T-2 tetraol.

Standardization of ELISA Kit

Since the monoclonal antibody against T-2 cross reacts with T-2 (Hunter. et

al. 1985, Hewetson, unpub'tshed). we included HT-2 in our evaluation. The

ELISA kit was capable of detecting of both T-2 and HT-2 in buffer at

6
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1ncentrations of 25 ng/ml and 50 ng/ml. respectively (Table 1). The ELISA
Kit also produced sporadic false-positive reactions with control urine. A 1:5
dilution of the urine was necessary to eliminate this problem, making the
ELISA detection limit of HT-2 in urines about 250 ng/ml.

T-2 Metabolite Detection in Urine by RIA

A series of studies were designed to evaluate the patterns of HT-2 and T-2
tetraol excretion in urines of exposed rats. Table 2 presents the results

obtained after their im exposure. T-2 tetraol and trace amounts of HT-2 .
were detected up to day 3 in rat 1. Since this rat did not produce urine on

day 1. total toxin excreted was similar to that excreted by rats 2 and 3.
T-2 tetraol and HT-2 excref on after oral exposure occurred

up to 9 days after exposure (Fig. 1 and 2). Dermal exposure to T-2 showed
an excretion pattern that extended beyond that observed for the other two
routes of exposure (Fig. 3 and 4). T-2 toxin metabolites, HT-2 and T-2
tetraol, were still detected up to 16 days after exposure.

T-2 Metabolite Detection in Urine by ELISA

Selected urine samples from the oral-exposure series were tested in the
ELISA kit. All urines were not evaluated by this method because of a
limitation on the number of tests available. Table 3 presents a comparison
between the two methods for detection of HT-2 (RIA) and 7-2 equivalents"
(ELISA). Urine samples containing HT-2 >250 ng/ml as measured by RIA
were positive by the ELISA. Lower amounts of HT-2 could not be detected by

the ELISA.

7
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DISCUSSION

These studies describe the excretion patterns of T-2 metabolites in..

urine after three routes of exposure. We also compared detection results

obtained with an RIA specific for HT-2 to results from a commercially

available kit for detecting 'T-2 equivalents." Previous studies show that the

principal metabolites of T-2 are HT-2 and T-2 tetraol (Pace, et aL. 1985:

Pace, et aL 1985a: Corley, et aL 1985; Yoshizawa, et aL 1980). Therefore an

assay for these urinary metabolites should provide evidence of T-2 exposure.

Paceet al (1985a) reported that in guinea pigs exposed im to 3 H T-2,

radioactivity in urine peaked at 24 hr and rapidly decreased over the next 4

days. Matsumoto, et aL (1978) reported rapid excretion of radioactivity after

oral administration of 3 H T-2 Our results also showed rapid excretion of

T-2 metabolites after im exposure as detected by the RIA. After oral

administration of T-2, the majority of metabolites were excreted by day 4
(Fig. 3 and 4), but there was a low, detectable amount of HT-2 up to day 8 in

all rats. Low levels of T-2 tetraol were detected up to day 10 in two rats

studied. Matsumoto, et aL (1978) reported most of the radioactivity was

excreted by' 72 hr in two rats orally dosed with T-2. Most of the HT-2 and

T-2 tetraol excreted from rats dosed dermally with T-2 was complete by day.
10. However, low levels of both metabolites were detected up to day 16 after

exposure. This was most likely due to the slow absorption of T-2 from the

skin.
As HT-2 showed complete cross reactivity with the anti-T-2

monoclonal antibody (Hunter, et al. 1985), we evaluated exposure to T-2 by

testing urineswith an ELISA kit designed for T-2 testing. These results

compared favorably with results, obtained with the RIA specific for HT-2.
False-positive reactions were not a problem with HT-2 detection in the p

RIA, even in undiluted urine. Sensitivity was similar to that of HT-2 in buffer,

or about 5 ng/ml. T-2 tetraol detection by RIA and HT-2 detection by ELISA .,':

presented significant interference. These false-positive reactions were

eliminated by diluting the urines to a point where no false-positives

8



occurred in a battery of control urines. Although this simple solution

does not provide an answer to the identification of the interfering material,

it offers a practical alternative. By diluting samples 1:5 for the ELISA,

practical detection limits for HT-2 in undiluted urine were raised to about

250 ng/m.I, The RIA can detect HT-2 at lower levels than the ELISA (Table

3), but the 250 ng/mI level for the ELISA was more than adequate for

routine detection in urines up to several days after exposure to a sublethal

dose of T-2.
These studies support Mirocha's observation (Mirocha. et aL. 1983) in

human samples from Southeast Asia that HT-2 could be detected 2 weeks

after exposure. Although we document a useful assay for detection of

sublthal exposure to T-2 by an oral or dermal route, incorporation of either

anti-HT-2 or anti-T-2 tetraol antibodies into the kit should provide greater

sensitivity for detection of T-2 metabolites.

N
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TABLE 1

T-2 AND HT-2 TITRATION OF STANDARD TOXIN

SAMPLES IN ELISA KIT

ng/ml T-2 HT-2

10.000 + +

1.000 + +

100 + +

50 +

25 +

12 ÷/-

6

PBS

14
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TABLE 2

FTr-2 AND T-2 TETRAOL RECOVERED FROM RAT URINE (pg/kg)

IM EXPOSURE TO T-2

RAT 24 HR 48 HR ,72-96 HR 120 HR

Ta Hb T H T H T H

I .C - 3.841 0.911 1.614 (TR)d 0.484 (TR)

2 4.587 1.974 1.367 (TR) (TR) (TR) (TR)

3 12.506 0.992 1.965 1.910 1.846 (TR)

a T T-2 tetraol

b H HT-2

C. Not detected

d TR Trace

I -)



TABLE 3

HT DETECTION IN RAT URINES

ORAL EXPOSURE

DAY ELISAa RIA (ng/ml)

1 + 2116

2 + 5533

3 + 1250

4 196

5.6 133

7,8 + 270

9

10

a Urine diluted 1:5

I
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LEGENDS

FIG IAND2

Recovery of HT-2 and T-2 tetraol from individual rat urines after oral

exposure to 2 mg/kg T-2 in propylene glycol. Recovery is expressed as jg

toxin recovered per kg body weight.

FIG 3 AND 4

Recovery of IHT-2 and T-2 tetraol from rat urines after dermal exposure to

T-2. Two g'oups of 3 rats received I mg/kg or 0.5 mg/kg. respectively.

Recovery is expressed as jig toxin recovered per kg body weight. 1
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TETRAOL RECOVERED FROM RAT URINES
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HT-2 RECOVERED FROM RAT URINES
ORAL EXPOSURE
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HT-2 RECOVERED FROM RAT URINES

DERMAL EXPOSURE
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TETRAOL RECOVERED FROM RAT URINES

DERMAL EXPOSURE
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